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ANNOTATION
Articles in this collection are devoted to studies of the electromagnetic fields
of sea waves, certain aspects of magnetotelluric sounding and analysis of anomal-

ous magnetic fields. The collection is designad for specialists working in the
field of studying electromagnetic phenomena in the seas and oceans.,

1
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VERTICAL COMPONENT OF THE ELECTRIC FIELD INTENSITY INDUCED BY THE MOTION OF SEA
WATER

(L. M. Abramova, V. N. Mitrofanov, S. A. Skryabin, pp 3-10]

The vertical component of the electric field E_ induced by the motion of sea water
in the geomagnetic field B occupies a special gosition in the studies of the elec-
tric field of a hydrodynamic source and the dynamics of the source itself. This
arises from theexistence in the sea of a sharp conductivity boundary: the''seawater-
air" boundary. The component E_, in the general case, in the center of large-scale
movements does not depend on thé conductivity distribution or the configuration of
the motion, being a function only of the local velocity and horizontal component of
the earth's magnetic field [1].

€.V By -8, , )
ny are the velocity components of the sea water.
Young, ot al. considered this fact for the first time, as indicated

in reference [2]. Later this component was used to study the speed of movement of
sea water [3, 4]. For sea waves E_ was presented in [5], where the solution for the
electric field potential of a two-dimensional progressive wave obtained in reference
[1] was used. For the analysis and estimates of E_ the above-indicated authors
either investigated the two-dimensional model of mition or it was asaumed that the
meter was placed at the middle of the flow.

The more general solution by comparison with the preceding one for E_ was obtained
by D. Sanford [6] for the class of movements, the horizontal dimensidns of which are
much greater than the vertical nonuniformities. In particular, he studied the
model in which there is only a horizontal velocity component V (the vertical
velocity component is assumed to be negligibly small by comparfgon with the hori-
zontal one), which is entirely acceptable for a large class of large scale move-
ments of the sea and waves in shoal water.

- The vertical component of the electric field is expressed as follows:

T 0o
2 AT [ ¥
 EeVaByWBioex fsz(v, 'Vy)d§*ayZBz(Vx‘%()d§ @
Z
where erﬁ_ J ny dE: is the speed averaged with respect to depth considering the

[
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conductivity of the sediments -- the effective speed. D = H + (02/01)(11s - H) is

the average depth of the sea considering the conductivity of the sediments —— the
effective depth of the sea. H is the depth of the sea, Hg is the thickness of the
layer of sediments, oy is the conductivity of sea water, 0y is the conductivity of
the sediments.

For potential velocity distribution (or at the center of symmetric distribution)
expression (2) becomes (1), that is, it is the sum of two terms, the ratio of which
depends only on the direction of motion of the sea water. This expression, as was
pointed out above, is validly used in practice when studying large-scale movements
when the velocity distribution is sufficiently stable and known.

In the case of wind waves the velocity distribution is of a random nature, and the
dimensions of the source are small by comparison with the measurement bases;

it is also necessary to consider the last two terms in expression (2) which depend
on the vertical component of the main magnetic field of the earth, Bz'

For a more detailed study of the distribution of E_ in the waves in the coastal
zmedtMs%,htwcmﬂ&rmewmﬁmpmﬁmwuhmemnwmg%mdw
distribution: LA

L(kx-ut)

Vx =i Vox CDSZyB fx(z) ,
i(kx -wt)

=t sintye ™z
- Vx =Vy () for: ,y'?g% :

This distribution is characterized by the fact that the velocity components along
the crest (the y-coordinate) and along the wave propagation (the x-coordinate)
have different damping laws with respect to depth. The existence of such distri-
bution obviously is realistic [7]. For this model of a wave expression (2) is
represented in the following form:

3

) Ve et LV [B, fy(z)cos Ly =B, fix(2)ssin by}
Ty sin Ly[By fy () ikf, @),

ahere fuy= 2] £y (00t JHENLL,

From formula (4) it is obvious that as a result the characteristic features of the
electrodynamic solution, the functions £(z) and fl(z) have significantly different
dependence on depth: namely,

(4)

on the surface, z = 0

.1 f(2)20, 'fz(l)sow

on the bottom 2z = -H .

Y(2)#0, {,(2)#0.
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From this condition it follows that in the general case on the surface of the sea
the vertical component of the electric field E 1is defined only by the horizontal
component of the field B_, and on the bottom, by the sum of two terms, one of which
arises from the verticalxXomponent of the magnetic field of the earth B , and the
other, the horizontal component B_ . Inasmuch as for one term of the expresson (4)
there is no imaginary factor, thexghase E will depend on the relation of the ve=
locity components, depth and position of Zthe point of measurement with respect to
the crest. In the middle of the crest (y = 0) the phase E_is constant with respect
to the entire depth; for other values of y the phase varies with respect to cross
section.

Depending on these factors, the magnitude of the measured signal, that is, the con-
tribution from each term of expression (4), will vary. The ratio of the contribu-
tions of the horizontal and vertical components of the earth's magnetic field in Ez
is defined by the ratio of these components of the geomagnetic field, and it also
depends on the characteristic dimensions along the crest m/2%, the coordinate z
(the observation horizon) and the contribution of the conducting sediments.

_ For the velocity v, directed along the meridian the contribution to E_ will occur
only as a result o? the vertIcal component of the earth's magnetic field, B,,
where it will be the most significant, of course, at high latitudes, on the magneric
equator with this direction of the wave motion Ez = 0.

In the case of latitudinal direction of the velocity and large values (high geomag-
netic latitudes), the contribution as a result of the two components can be commen—
surate in a wave of equivalent dimensions with respect to wave length and crest
length, especially on the horizons ~H/2. In the middle and low latitudes the pri-
mary contribution is made by the part E 1 caused by the horizontal component of the
primary magnetic field of the earth. z

In the case of a pure "wave current" where the velocity is uniform to the bottom,
that is, f(z) = const = £, and Vy = 0,

E,=ifViul B,cosly*(i-%)sttn tyl, (5)

that is, the vertical component of the electric field E of the "wave current" is
equal to zero on the surface, is maximal at the bottom and has constant phase.

Let us consider this phenomenon in the example of the electric field of sea waves.
In 1973 in the vicinity of the port of Mirnyy (the Crimea) experimental studies were
made of an electromagnetic field of a hydrodynamic source.

The vertical component of the electric field of sea waves was measured by two static
meters with silver chloride electrodes by the IZMIRAN-IELAN system. One vertical
measuring base was located at the bottom, and the other near the surface (Figure 1).
The length of each base was 1 meter; the distance between centers of the bases was
-2 meters. Both bases were located on the same vertical. Along with the electric
field sensors was a wire wave meter for recording the wave height. The depth of the
sea at the measurement point was ~5 meters. The recording of the electric field
measured on the upper and lower bases and the wave height was made on one tape of
the K-12-22 oscillographic automatic recorder. The mean amplitude Ez recorded by
the upper meter was 40 to 60 microvolts per meter; the amplitude recorded by the

4
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lower meter was 30 microvolts per meter, and the average oscillation period T - 5
seconds. The vertical component was meagured during stormy weather.

im

7777777777

Figure 1.

A characteristic feature of the recorded vertical fields is the presence of a sig-

nificant phase shift between the upper and lower field meters. The phase fluc~
tuates from 60° to 120°.

For interpretation of the results of measuring the electric field E_ of the wave
action, as an example let us consider the model of a wave with cresf of finite length
and with a specific velocity damping law with respect to depth. We shall consider
only one velocity component V of the type:

(kxwd) Kz A
Vi-Vie cos(yfﬂzﬁ,—ﬂl , ©

where k' = /kz + 2,2 . This model approximates the wave motion in shallow water when

H < M 2.

In this case

Ea<EzEae E,=Fy b s
£ -FV, Fsintye™ lthkH-

‘ -ggﬁ%ﬂlki* +T§-thk'H}, o

The pair of electrodes located near the surface recorded the field amplitude E
caused actually by the first term E_,. For estimation of the ratio of the sigtzlals
measured on the bottom and on the gurface, let us give the actual values of:

V. = 2 m/sec, Fy = 0.2°10~%4, T = 5 sec, k 0.2, & ~ 0.06, D = 30 meters. Then on
tRe surface, z = 0

X~

i(kx-wt)
E;_’Eu ’Fy Vx =40 ¢0s fye (microvolts/meter).

The second pair of electrodes located near the bottom, z = H measured the following:

i(kx-wt) | = D40s L(kx»wf)
—m——- stye . (microvolts/meter);

E. =V Fycostye
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oo WF, f sinlyg K- ki)

470 . L(L)(w .
B LiZSLnige microvolts/meter).

The sum of the component E_ on the bottom will give an oscillation with an amplitude of
~27 microvolts shifted in space along the crest with respect to Ez on the surface by
= an angle ¢ = 60°. The amplitude ratio of the field on the surfaceé and on the bottom

E
zsurf _ 4 5.

Ez bottom

- According to the experimental data, the average value of this ratio will be «~2.0.
The scattering can be explained, on the one hand, by the arbitrary choice of the
parameters k and % and the field F_ (since the direction of wave propagation was
determined approximately); and on The other hand, by the fact that in real three
dimensional waves the damping coefficient obtained by the experimental data pre-
supposes faster damping of the orbital velocity with depth [8].

The magnitude of the phase shift and the amplitude ratio E_near the bottom and near
the surface are defined obviously by all the terms of expréssion (4); for more exact
estimation of these values it is necessary to know the real velocity distribution in
the wave and the location of the meter with respect to the wave.

By the surface measurements of E_, the order of magnitude of the peak value of the

2
velocity component in the east-west direction IVI was estimated:
east-west

. -6 .
]vls—hux B Fy i 02{0-4 2_;.,3 m/sec.
(a)

Key: a. east-west max

This is an entirely realistic value for the speed in shallow water during a severe
storm.

In conclusion, it must be noted that inasmuch as the solution (2) which we took from
[6] was obtained for the steady state problem with one restriction — the character-
istic horizontal dimensions of the source are much greater than the effective depth
of the ocean —— the study made in this article is valid for an entire class of sea
movements satisfying this condition: currents, tides, long rolling seas and
tsunami on the shelf and wind waves in the coastal zone.

In the case of measuring the electromagnetic field which can be considered as a ran-
dom process, it is necessary to consider that not only the magnitude, but also the

phase of the recorded components depends upon the position of the meter with re-
spect to the investigated wave.

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000400060038-0



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400060038-0

FOR OFFICIAL USE ONLY

BIBLIOGRAPHY

M. Longuett-Higgins, M. Stern and H. Stommel, WOODS HOLE OCEANCGRAPHIC INSTITUTE
CONTRIB., 1964, p 690.

F. B. Young, V. Gerrard and N. Jerous, PHIL. MAG., No 4, 1920.

G. A. Fonarev, V. S. Shneyer, PROBLEMY ARKTIKI I ANTARKITIKI (Problems of the
Arctic and Antarctic), Leningrad, Gidrometeoizdat, No 31, 1969, p 48.

H. Harvey, NOAA-JTRE-72, HAWAII INST. OF GEOPH, Honolulu, 1972.

G. A. Fonarev, GEOMAGNITNYYE ISSLEDOVANIYA (Geomagmetic Research), No 13, Moscow,
Nauka, 1971.

T. Sanford, J. OF GEOPHYS. RES., No 15, 1971, p 76.

R. N. Ivanov, IZV. AN SSSR, SERIYA GEOFIZ. (News of the USSR Academy of Sciences,
Geophysics Series), No 7, 1962.

A. I. Duvanin, VOLNOVYYE DVIZHENIYA V MORE (Wave MotionS in the Sea), Leningrad,
Gidrometeoizdat, 1968.

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000400060038-0



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400060038-0

FOR OFFICIAL USE ONLY

DETERMINATION OF THE CONDUCTIVITY OF SEDIMENTS BY MEASURING THE ELECTRIC AND MAGNETIC
FIELDS AND WAVE VELOCITY COMPONENTS AT THE BOTTOM OF THE SEA

[L. M. Abramova, pp 11-14]

Electromagnetic fields induced by the movement of sea water in the geomagnetic field
are used in oceanography to obtain detailed information about the velocity structure
of the ocean movements which sometimes is very difficult if not in general impossible
to obtain by other methods.

Another aspect of using a hydrodynamic source is the study of the deep struc-
ture of the earth, for the fields induced by it depend on the conductivity, the
thickness of the sediments and the distance to the ccnducting mantle. The effort to
use this source to determine the depth to the conducting mantle was made by Larsen
[1] by the method of magnetotelluric sounding. Teramoto proposed a method of de-
termining the effective conductivity of the bottom of the channel by measuring the
potential difference across the channel, the electric current density and the speed

- of the water [2]. By using_ this method a zone of anomalous conductivity was isolated

under the Sangarskiy Strait} which is a continuation of the conductivity anomaly

observed in Japan.

In the indicated papers a study was made of a uniformly layered model made up of the con-
ductivities of the ocean 01, the sediments 02, the nonconducting crust and highly con-
ducting mantle o, 11, 21%

The influence of the mantle on the induction mechanism depends on the ratio of the
linear dimensions of the hydrodynamic source L and the skin depth of the mantle )
at the frequency w. The electromagnetic frequency wave penetrates the mantle to

a depth §_ = (2/(p,w, o1/2,

When 6 /L >> 1 it is possible to neglect the mantle; for § /L << 1 it is necessary
- to consider the effect of the mantle when estimating the conductivity.

In this paper a method is proposed for determining the effective conductivity of the
sediments by measurements of the electric and magnetic fields and the velocity
components at the bottom. Here the class of movements for which Gm/L >> 1 can be
used as the sounding source. This includes the wind-driven waves and swell in
shallow water, the stationary and certain other movements for which the contribu~
tion of the mantle to the mutual induction process between the ocean and the mantle
is negligible.

1Tsugaru Strait.
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Let us consider a model of the ocean movement with three-dimensional wvelocity distri-
bution with respect to the x, y and z ¢oordinates.

In general form the components of the electric and magnetic field induced by the
movement of the sea water in the model with three-dimensional velocity distribution,
according to the solution of Sanford [3] are expressed as follows:

E-F v Jx_/Gf , L
Ve by /s, (2)
{- ZT) jr . 3
U i 23_) }X , %)
where jxy’ Exy and Bxy are the components of the electric current, the field and

magnetic field, respectively; Fz is the vertical component of the geomagnetic field,
B is thoe magnetic permeability, 0 is the specific conductivity of sea water V;y =

(1/Dp) _fﬂ nydg is the average velocity with respect to depth considering the conduc-

tivity of the sediments —~ the effective velocity D = H(I + Y) —- the "effective"
depth to which the induced current penetrates (considering the conductivity of the
sediments), Y = S,/S, is the ratio of the longitudinal conductivities of the sedi-
ments 82 and the Sea water Sl’ and H is the depth of the sea.

Expressing jx and j_ from (1) and (2) and substituting in (3) and (4), we obtain the
value of the parame%er Y -- the ratio of the integral conductivities of the layer
of sediments and sea water:

TR U
by worhEy B 6 HE (5)

Having data available from bottom measurements on V__ , and Bxy’ it 1is possible

E
Xy
to estimate the total longitudinal conductivity of the sediments 52 = YSl.

In the case of a model with one velocity component, for example, Vx’ the parameter
Y will be determined from the expression:

RV 28
Vede SR - ey )

The parameter S, as applied to the induction problems of wind-driven waves is quite
provisional in éhe geophysical sense, for the linear dimensions of the source can be
less than the layer of sediments; in this case S, defines the effective conductivity
of the part of the sediments to which the curren% is closed. For long rolling
seas, meteorological fluctuations, and so on, the linear dimensions of which are
commensurate with the thickness of the layer of sediments, this parameter determines
the effect of the entire layer.

The contribution of the conducting sediments to the process of electromagnetic
field induction as a result of the waves was estimated by the synchronous recordings

9
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obtained during bottom measurements of the magnetic field B , electric field E_ and

- velocity components Vx of the wind-driven waves. The depthxof the sea at the time
of the measurements was 1.2 to 1,5 meters [4]. The vertical component of the
earth's magnetic field in the measurement zone was 0.52°107"* tesla.

By formula (6) an estimate was made of the parameter Y = 52/51. The mean values of

the amplitudes obtained in the time interval of ~100 seconds were taken for the
calculations: V_ = 2.3 m/sec, Ey = 8.4-10~6 volts/meter, B_ = 1.2 ntesla. The
corresponding vafue turned out tov be equal to 18. If we take the total longitudi-
nal conductivity of sea water S, = clH = 4.8 to 6 (moh), it is possible approximately
to estimate the efiective 1ongi%udi.nal conductivity of the part of the sediment
layer through which the currents are closed

S,=15, =18+ (4,8 +6) = 8 - 108 (moh)

N

The correctness of the estimate was confirmed by the results of the spectral analy-

sis of these materials when for the given a priori hydrodynamic model, the spectra

of the electric field components were calculated by the measured velocity spectra.

The spectra calculated considering the value of S demonstrated good agreement with

the experimentally obtained estimates of the spec%ral densities of the electric

field. What has been stated here again confirms that the wave movements of the

field can be an additional source for studying the deep structure of the earth.
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STATISTICAL CHARACTERISTICS OF THE RELATION OF THE WAVE PARAMETERS TO THE INDUCED
ELECTROMAGNETIC FIELD

[Yu. M. Abramov, L. M. Abramova, pp 15-21]

Up to the present time, judging by the published papers only a small number of stu-
dies were made including simultaneous recording of the parameters of the velocity
field of sea waves and electric and magnetic fields induced by the wave movements.
The small number of such studies is explained by difficulty in stating the complex
measurements at sea, including the absence of special electromagnetic marine equip-
ment.

Complex studies of the electromagnetic fields of the waves in the coastal zone have
been performed at the IZMIRAN SSSR [Institute of Terrestrial Magnetism, the Iono-
sphere and Radio Wave Propagation of the USSR Academy of Sciences] since 1971. 1In
the given paper the results are presented from full-scale studies of electromagnetic
fields of waves, the purpose of which was establishment of the statistical relations
between the characteristics of the electromagnetic and hydrodynamic fields of the
waves.

The components of the electric and magnetic fields of the wave action and the hydro-
logic parameters —- the wave velocity and height — were recorded in the coastal
zone of the White Sea (the vicinity of Cape Abramovskiy).

- The measurement procedure is described in [1]. As a result of this study, synchro-
‘nous recordings were obtained for three components of the magnetic field of the

waves Bx’ By, Bz, two horizontal components of the electric field Ex and Ey and also

the hydrc gic parameters -- the shift of the free surface hw = 2A (A is the wave
amplitude) and the velocity component normal to the shore, Vx'

When processing on a computer, the recording was usually made at increments of 0.5 to
0.6 second.

The statistical characteristics of the distribution, the mutual correlation and
mutual spectral functions and also the coherence functions were calculated.

The statistical parameters obtained during the processing (the excess and asymmetry
coefficients of the distribution functions of the y-axes of the wave height

recordings, velocity and parameters of the electromagnetic wave) demonstrated
that in the first approximation usually the hypothesis of normal distribution is
applied.

11

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400060038-0



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400060038-0

FOR OFFICIAL USE ONLY

An example of one of the mutual correlograms characterizing the relation of the
parameters Ex and hw is illustrated in Figure 1.

All of the mutual correlograms have the form of functions that damp to the 0.1
level from the maximum value in 10-20 seconds.

The form of the correlograms indicates that in both processes there is a quasiperio-
dic component present with a period of 5-6 seconds which is typical for wind-driven
waves. The processes are close to the so-called narrow-band processes with charac-
teristic periods related to the frequency wy» near which the maximum energy of the
process is concentrated.

For all of the mutual correlograms characterizing the relation of the components of
the electric field (E , E ) and the hydrodynamic parameters (V_, 2A) the presence of
a shift of a maximum of t¥e mutual correlation function is ty'pfcal, indicating the
existence of a phase difference of the oscillations of these components. The
degree of the relation of the electric field component E_ and the velocity parameters
(the wave height) is low, and the mutual correlation factor r__ = 0.5. The small
magnitude of the mutual correlation coefficient of these paraﬁgters obviously is
explained by the fact that the measurements were taken not at one point, but they
lay on a straight line not coinciding with the general direction of motion of the
wave front. As for the degree of the correlation of the components E_ - V_, it
appears to be closer, rxy ~ 0.7, and this is explained by the fact thit the meters

for measuring these parameters were located in practice at one "point," which re-
vealed better interrelation of the processes.
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Mutual correlation analysis of thehydrodynamic and electromagnetic parameters did
not demonstrate a sufficiently convincing relation between the processes in the time
region, which is explained by imperfectién of the measurement procedure. The re-
sults of spectral analysis, however, indicate the presence of a clear relation be-
tween the investigated processes and the frequency region. A comparison of the ve-
locity spectrum ( just as the wave height) with the spectra of the components
of the electric and magnetic fields demonstrated that in accordance with linear
theory, there is good similarity of these characteristics in the spectral sense,

. Figure 2 a, b.
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Figure 2
Key: 1. second

The curves for the estimates of the spectral density functions of the wave height 2A,
the velocity Vx and the electric field components Ex and EY have basic peaks at the

periods of the wind-driven waves. The peaks are well expressed and coincide with
each other. In the estimates of the spectral densities there are additional peaks
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at the periods close to the basic period which are lower with respect to amplitude,
_ but coincide with each other for all components.

The presence of a relation between the electromagnetic field and the velocity field
- parameters in the frequency region also confirm the calculated mutual spectra for

these parameters. Figure 3 illustrates the mutual spectrum of the components Ex -
Vx, Sxy(m).

The wave frequency is plotted on the x-axis, and the mutual spectrum characteristics
are plotted on the y-axis:

G is the mutual spectral density function,

- C is the cospectrum,
Q is the quadrature spectrum,
O is the phase shift between components.

- The graphs of the components of the mutual spectra indicate that the energy exchange
between the investigated components takes place primarily in the range of periods of
4-8 seconds corresponding to the wind-driven waves, On the remaining periods, the

energy exchange is insignificant. The nature of the phase curves is different for
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different components, which is explained by the separation of the observation
points in space.

The coherence of the investigated parameters is high; its peaks come on the satie
frequencies as the spectral den;jity and mutual, spectral density psaks. Figure &4
shows the coherence functions F< (w) = ley(w)l /Sx(w)Sy(w), 0 < F°(w) <1 as a func-

tion of the wave period calculated for the electric field components, velocity and
wave height.
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The investigated results of the spectral analysis of the parameters of the hydro-
dynamic and electromagnetic wave fields under various meteorological conditions in-
dicate that there is a clear and stable spectral relation between these parameters.

This again confirms that the electromagnetic fields are a sufficiently exact representa-
tionof wave hydrodynamic processes in the sea. .

BIBLIOGRAPHY

1. Yu. M. Abramov, L. M. Abramova, S. M. Minasyan, V. N. Mitrofanov, A. S. Shcherba-
kova,"The Complex Measurements of Electromagnetic Fields of Waves in the Coastal
Zone. (Research Procedure and Some Results)," See this collection.
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COMPLEX MEASUREMENTS OF ELECTROMAGNETIC FIELDS OF WAVES IN THE COASTAL ZOWE. (RE-
SEARCH PROCEDURE AND SOME RESULTS)

[Yu. M. Abramov, L. M. Abramova, S. M. Minasyan, V. N, Mitrofanov, A. S. Shcherbakova
pp 22-40]

At the present time marine electromagnetic measurements are acquiring great sig-
nificance in the overall complex of marine geophysical research.

In spite of their obvious urgency, the measurements of the variable electromagnetic
field widespread for dryland research has still not received sufficient development
under marine conditions. The reason for this lies primarily in the fact that during
experimental studies in the sea difficulties arise connected with the sealing of the
measuring equipment, its stabilization on a moving platform (buoy and floating sta-
tion) and chemical agressiveness of sea water. In addition, the studies of the
electromagnetic variations in the sea are complicated by the appearance of an addi-

- tional source of a variable electromagnetic field —— a hydrodynamic field caused by
movement of the conducting sea water in the magnetic field of the earth.

The most powerful interference when studying the morphology of the variations in the
sea in the short-period part of the spectrum are the electromagnetic fields of
wind-driven waves and swells. '

The data from theoretical calculations and experimental measurements indicate
that the maximum amplitudes of the electromagnetic fields of sea waves have values
from tenths to units of gammas in the magnetic field and from tenths to hundreds of
millivolts per kilometer in the electric field in the range of periods of 1-40

= seconds, which is entirely commensurate with the electromagnetic fields caused by
an ionospheric source in the same frequency range (short-period oscillations) and
even exceeds them. The structure of the distribution of these fields in the water

- and in the air has a complex nature connected with the conditions of the movement
of waves in the world ocean, the conductivity distribution in the ocean and sedi-
ments, the depth of the ocean, and so on.

The electromagnetic fields induced by a hydrodynamic source can have a significant effect
on the operation of marine electronic reconnaissance gear of the electromagnetic current

meter (EMIT), lowering the reliability of the measured values. On the other hand,
the induced fields as a function of conductivity, thickness of the sediments and
distance to the conducting mantle, offer the hope for future use of electromagnetic
fields of the hydrodynamic source to study the geoelectric section [1].
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It is no less important to study the electromagnetic tields ot hydrodynamtc vrigtu
in the interests of oceanography. At the present time the EMIT [electromagnetic
current meter] is widely known and is finding practical application in oceanography.
The electromagnetic fields of wind-driven waves and swells can also be used to study
the nature and the characteristic features of their source.

The enumerated factors indicate the urgency of setting up theoretical and experi-
mental studies of electromagnetic fields of wind-driven waves and swell.

The small number of experimental studies of these phenomena is connected with the
difficulty of setting up this type of measurement at sea. The wind-driven wave and
swell fields attenuate rapidly with depth; there is an alternative —- either to sta-
bilize the measuring elements in the hydrodynamic field when performing measurements
at the source or remove the sensors from the source, increasing the sensitivity of
the measuring device. Both alternatives still run intc technical and procedural
difficulties. On the existing level of measurement equipment and means of setting

it up in the sea, reliable measurements of the electromagnetic fields of sea waves
can be taken most successfully under shoal water conditions. Technically it is
easier to measure the magnetic and electric fields of waves in shoal water; both
scalar and component sensitive elements can be used with the same degree of success.
here, for they are installed on the bottom. The advantage of measurements under these
conditions is the possibility of using differential devices permitting isolation of
the wave fields in "pure" form. For this purpose one measuring sensor is placed in
the range of the electromagnetic fields of the waves, and the other at a considerable
distance from the source, on land. In the absence of noticeable geomagnetic variation
field gradients of external sources, the difference of the signals of these sensors
is proportional to the electromagnetic field of hydrodynamic origin. In additionm,
for certain wavelengths in the short-period p.rt of the spectrum, even a shallow

sea (H~ 5-7 meters) can be considered as "deep" (H > A/2), which permits use of
short wind-driven waves as a micromodel of long rolling seas in deep water.

In the USSR and abroad there are a quite large number of magnetometric and electro-
metric devices for recording variable electromagnetic fields on the dry land under
stationary conditions. The specific nature of the operation of the meters under
marine conditions as part of buoy, bottom and floating stations limits the possi-
bilities of the application of this equipment, especially when measuring components

[21.

The basic requirements on the equipment for measuring the electromagnetic fields of
sea waves with respect to resolution (0.0l to 1 { in a magnetic field and 0.1 to 10
microns/m in an electric field) and frequency range (1-0.03 hertz) demonstrate that
such observatiors can be made using the device for measuring electromagnetic field
variations in the sea.

In this paper primarily the results of measuring the electromagnetic fields of sea
waves are considered which were obtained on an expedition for complex investigation
of variable magnetic fields in the vicinity of Cape Abramovskiy in the White Sea in
1973.

Taking measurements of the electromagnetic fields of sea waves in this region

was complicated by the fact that it is in a zone of increased magnetic activity.
On the other hand, the advantage of measurements at high latitudes is that
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basically only the vertical component of the earth's primary magnetic field

- is present, which simplifies interpretation of the data cbtained and the choice of
models. '

- The region in which the measurements are taken is characterized by a flat coastline
with a slope of 1-2° directed from west to east. At this location the syzygial
tides have a height on the order of 7 meters, and the quadrature tides 6 meters, and
they have a strict semidiurnal nature.

The diagram for deploying a set of measuring equipment is presented in Figure 1.
At maximum low tide the depth of the sea at the point of installation of the sensors
is 1 meter, and the distance to shore at low tide is 300 meters.

The electric potential differences were measured by static meters on two mutually
perpendicular bases by 5 silver chloride electrodes of the IZMIRAN-IELAN system.
Different combinations of these electrodes made it possible to select the length of
the measuring bases equal to 10 or 20 meters. The signal from the electrodes tra-
veled along a P-268 type cable to the recording equipment located on the shore.
A1l of the measured values .n this experiment were recorded on the 12-channel K-12-
22 automatic recorder; the sensitivity of recording the potential differences was
0.03 mv/mm. The diagram of the installation of the electrodes in the sea is pre-
sented in Figure 2. In addition to measurements of the potential difference of the
wave electric field, the potential method was used, the essence of which consists
in the fact that one of the electrodes (the measuring electrode) is placed directly
in the measured field, and the other ("zero") outside the range of this field. The
signal picked up from the electrodes is in this case proportional to the potential
of the measured electric field at the point of installation of the measuring elec-
trode.

Inasmuch as the investigated signal varies synchronously in time with the speed of

tiie wave relative to the measuring electrode, the component of the measured electric
field parallel to the direction of this velocity is defined as follows:

F ,’g_k‘?_l/egy__

- = )

CEIRVAE] €))
where Ex is the electric field intensity component,
¢ 1is the signal measured by the potential method,
V¢ is the phase wave velocity with respect to the measuring electrode.
Lead plates 50 x 700 x 3 mm served as the zero electrode in the potential measure-
ment method. They were dug into the ground a distance of 200-300 meters from the

- edge of the water on the land.
The magnetic field components of seawaves were measured by a ferrosonde three-
component magnetometer installed on the bottom. The "y" component sensor was set up
perpendicular to the meridian and parallel to the shore; the "x'" sensor was set up

_ in the direction of the meridian and perpendicular to the shore, and the "z" sensor,
vertically.
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The general complex for measuring the magnetic field components was made up of the
follow:ug: '

1. SG-56 magnetometer with sensor,

2. compensator for the constant component of the earth's magnetic field,
3. connecting cable,

19

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R0004000600338-0



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400060038-0

FOR OFFICIAL USE ONLY

1-34exmpod
2~rabess
3~-nonuabox
4= K0Pk
5- paa

Figure 2.

Key: 1. electrode 4, anchor
2. cable 5. halyard
3. float

4. recorder,
5. power pack,
6. nonmagnetic container made of fiberglass.

The sensors of the magnetometer fastened orthogonally in a common frame and the
magnetometer were placed in a sealed container. In turn, the container was fastened
to a massive nonmagnetic slab and was put on the bottom from a boat at maximum low tide.
The slab was held on the bottom by weights for greater stability. The signal from

the magnetometer was transmitted over a KNSh-18 type cable to shore to the recording
system. A composition current was fed over the same cable to the sensors.

The components x, y and z of the magnetic field were recorded with speeds of 6 mm/
sec or 1.5 mm/sec. The magnetometer had the following scale divisions of the analog
recording by components: x = 0.52 y/mm, y = 1.0 Y/mm, z = 0.48 y/mm.

The measurements of the hydrologic paramcters of the waves (velocity component normal
- to shore, V. and wave . height 2A) were taken by electrochemical converters convert-
ing the mechanical inputs to an electric signal.

in addition to the enumerated measurements when performing the operations, the
metenrological and hydrological conditions in the vicinity of Cape Abramovskiy were
observed and recorded by the hydrographic service of the meteorological stationm.

Every three hours the following characteristics were recorded: the wind speed and
direction, the average wave height, the nature and predominant direction of the waves,
the water level at the measurement point. These data were taken into account when
processing and analyzing the observation results.,
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X crystal variation meter  of the V. N, Bobrav system was set up on shore. The
magnetic activity when measuring the electromagnetic fields of the waves was esti-
mated by the readings of this meter.

As a result of the studies, synchronous recordings were obtained for the electromag-
netic field components and the hydrodynamic parameters at different depths resulting

from the tides. A sample recording is presented in Figure 3.

The procedure for processing the experimental data depends to a significant degree
on the purposes and goals of the study. The following set of parameters was
processed:

1. The electric potential differences A¢ on bases perpendicular and parallel to the
shore (the electric field components Ex and Ey’ respectively).

2. The wave potential at the point ¢.

3. The magnetic field components BX, By’ Bz'

4. The velocity components of the water perpendicular to the shore, Vx'
5. The displacements of the free surface at a point, 2A.

In order to establish the amplitude-phase relations between different field components
from synchronous recordings, the ordinates E, B, V, A were picked up, and the ampli~
- tude and phase relations were studied for pairs of these parameters.

When using the statistical method of interpretation of the results obtained, the
recordings were deciphered by special standard curves. The volume of one realization
included less than 80 to 100 wave periods [3]. The digitalization step size was
selected as 0.5-0.6 second. The ordinates were reckoned from the base line.

The primary processing was done on the "Mir-1" computer by the programs of [4].

For each parameter of the electric, magnetic and hydrodynamic fieldsthe statistical
chziacteristics of the investigated processes were calculated: dispersion, mean
square deviation, asymmetry coefficient, excess coefficient and their errors. These

- ~alculations demonstrated that both the hydrodynamic parameters and the characteris-
tics of the electromagnetic field of the sea waves (periods and amplitudes) are
subject to a normal distribution law on the whole.

Histograms and distribution curves of the wave heights, velocity and electromagnetic
- field which had been constructed by empirical data were used to study the statistical
properties of the amplitude and period distribution of the investigated processes.

Let us first consider the amplitude distribution.

Figures 4-5 show the amplitude histograms of the components E_, E_ of the electric
field, the velocity Vx and wave height 2A for different depth§ of’ the sea H = 1.5
meter and 7 meters.

Ranges of values of the investigated element are plotted on the x-axis on

the graphs, and the number of cases is plotted on the y-axis in percentages of the
total number of terms of the series n (n = 300). The upper scale of the x-axis is
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the transformed distribution series, and the lower scale is expressed in units of the
investigated element. The relations constructed on the basis of the histograms are
the distribution or recurrence curves of the element,

Using the recurrence curve data, by successive summation of the number
of cases, the x-axes of the integral distribution curve called the element guaran-
tee curve in oceanography, were calculated and constructed.

The characteristic values of the investigated element are as follows: y is the mean
value or center of distribution, Y50z is the value of the element with 50% guarantee,

Y emax is the value of the element of greatest recurrence (mode); they permit deter-

mination of what type of distribution is characteristic of the given parameter..
Thus, for y = Y507 = Ypemax’ there 1s a symmetric distribution curve. Examples of

the recurrence and guarantee curves of the electric field and velocity amplitudes
for sea depths of 1.5 meters and 7 meters are presented in Figures 6 and 7.

Analogous calculations and constructions were performed for the periods of the
electromagnetic field and hydrodynamic parameters, Figures 8-11. As is obvious from
the histograms, waves are most frequently observed with periods of 2-4 sec. Such
periods have the highest recurrence rate in the electric and magnetic field of the
waves. The analysis of these curves must give answers to the following questions:

1. Does a relation exist between the amplitudes and periods of an electromagnetic
_ and hydrodynamic field and in which components is it the closest.

2. How does the variation of the sea depth at the measurement point influence the
properties of the distribution curves.
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An analysis of the histograms, the recurrence and guarantee curves for the amplitudes
and periods indicates that the statistical relation exists and is quite re-~
liable.

The peaks of the distribution curves with respect to amplitudes clearly coincide with
each other, Figures 6-7. The amplitude distribution curves of the electric field
and velocity are closest to each other. The peaks of the electric field and velocity
distribution curves by periods do not coincide with each other. The peaks of the
electric field distribution curves E , as a rule, are shifted somewhat in the long-
period direction. Y

The estimates of the similarity of the distribution curves made by the Xolmogovov-
Smirnov pumber A demonstrated that with a probability o = 0.0l all pairs of
velocity and electric field distribution curves give values of the coefficient A less
than Acr’ which indicates the presence of reliable similarity of these curves.

The distribution of the magnetic field components both by periods and by amplitudes
1s less clearly expressed by comparison with the other elements, This is explained
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by the fact that the magnetic field as an integral characteristic is the sum
of the interaction of the electric currents in scme part of space.

Let us consider the distribution characteristics of the elements of the investigated
fields for different sea depths. It is known that in deep water
shallow water (H< A/2) waves arecharacterized by different types of amplitude distri-

bution.
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Thus, a symmetric gaussian curve describes the wave height distribution in shallow
water, and the asymmetric Rayleigh distribution curve is characteristic of deep sea
distribution.

The results obtained by the experimental data confirm this proposition. For H =7
meters the wave height distribution curves are asymmetric; some asymmetry is
observed also in the velocity distribution (y # Ymax # y507)' See Figure 7. The

recurrence and guarantee curves of the electric field amplitudes coincide with an
accuracy to 5-10% with the corresponding wave height and velocity curves. This
case, judging by the element distribution, is an approximation to the 'deep" sea
model, although, strictly speaking, at a depth of 7 meters the sea can - not be
considered "'deep" (H > A/2) for all spectral components.

The statistical wave height distribution in shallow water (i = 1.5 meters), as Figure

6 shows, is characterized by a decrease in the variety of the wave heights
aswell as the amplitudesof the induced electric field. This is explained by the
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breaking of high waves when traveling through shallow water, The amplitude distri-
bution and guarantee curves become symmetric, approaching normal gaussian distribu-

tion. Analogous distribution characteristics are manifested by components Ex and E
of the electric field. y
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Figure 11.

Key: a. T, sec

Thus, the investigated distribution characteristics make it possible to consider that
there is a defined statistical-probability relation with respect to amplitude and
period between the parameters of the hydrodynamic source and the components of the
induced electromagnetic field. The recurrence and guarantee curves of the electric
field and velocity are closest to each other.

This result indicates expediency of the search for a functional relation in the
electric fields and velocities during further studies of the magnetohydrodynamic
processes in the sea.
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COMPARISON OF TWO TYPES OF DEVICES FOR MARINE ELECTROMAGNETIC SOUNDING
[L. B. Volkomirskaya, G. A. Fonarev, pp 41-45]

The most urgent problem for interpretation of electromagnetic soundings using natural
fields is the problem of the influence of the horizontal geoelectric nonuniformities.
When performing magnetotelluric soundings in the sea, the effect of the nonuniformi-
ties can be especilally perceptible, for the measuring devices can be in direct
proximity to these nonuniformities. In the theory of marine magnetotelluric sound-
ings, the Tikhonov-Kan'yar bottom unit and separate magnetic device are considered
prospective [1].

In this paper a comparison is made between these two types of magnetotelluric de-
vices.

Let us consider the two-dimensional model of nonuniformity. Let a plate of finite
thickness d consist of two halfplates in contact along the interface for x = 0 and
having conductivities 01 # 02- At the top and bottom of the plate is an insulating

medium. The external inducing field is uniform and equal to B,. Let us propose

that at a depth of &, - d there is a uniform field source B = "£(B,, ¢.}. In ihis

case in [2] a method was proposed for gradual approximation to construct the approxi-
- mate solution. According to this method for the m + 1 approximation the field com-

ponents are expressed as follows:

5207 Jolg, 0) 2R dyo -
_ JBy 'ark "LgyOv ) dyo; @

mel T ’"“ '
B, (. ) oy'.lo jB(OdUo, (2)

B
By (y.)2Byly, 0)- l ~—(9°4—— dy , )

where ﬁc T/ ‘_i ) 1is the Green function. Then for the firat approximation consid-

ering the expreasions for the Green functions given in [3}, from (1, 2, 3) it is
possible to obtain:
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Bole)-i a B, f(B, d)z )Jie(,;dn)e C05E,Z; Wl
- g, )55 stz
Ll erpl ny)d ]
By(40)-28," By Z(ff(B d)]
(- HE (DT E ,,,y)e'"y}
\ B (4.)-24(B,.0) {8, Z( 1)f80,d)]Zen

L, dn,){EL( n,g)e “E (d,,,y)e = }
Here
¢q3§i-k;5 §n=[% 2;8 ki=%ﬁgw°6“06

S enn/d; Pl

(4)

(5)

(6)

@

Let us consider the case where B, (y,d) =B;‘;(y’0)' and let us write the relations of

the components E /B I and B | /B Iz—d’

A (DI o Rk
Bl 2 A ) Zen<a::—n;) ’
where: A=Ei(daay)e ":y-EL_(; my)
Bl 2-2lt:2 (1) illat -, A]
Byia 2-l1°) () Zf &, -&)A]

®

9

The most general method of interpreting t:he magnetotelluric soundings in all cases
consists in direct calculation and subsequent interpretation of the curve pT, the

apparent resistance.

In the case of measuring by theTikhonov-Kan'yar bottom device the curve p, is cal-

culated by the formula:
' L2
Py lzfer,

where l}{,,l = ‘_g‘:

z2d

(10)

The methods of calculating the curve p, for a gradient magnetic sounding are inves-

tigated in [4]). We shall use the formila:
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: [Re (8D ch =d -2, B
| po-p LRelBidh =t D ] [Im(gv{ﬁl,? thxdl” an
where x:%{wyoﬁ“ .

For our case —— athick plate — this formula has a small error. Let us convert for-
mula (11). For this purpose we make the assumption that 'd>1./Rea.

Pr P: ”Bj%gl1) th* X*

Then:

where x=d fJ,u?;/& . '

It is theoretically possible also to perform more exact calculations by formula (11),
but in this case it is necessary to perform the calculations on high speed computers.

In the figure there is a graph of the functions JpT7p0 for different relations be-
tween the conductivities of two halfplates, where we denote the apparent resistance
of a uniform plate as Pg*

For the calculations of E"/HVL-'d and —Hj,‘—;—z by formulas (8, 9) we assumed that

the measurements are performed in the sea at distances of 0,1d from the nonunifor-
mity. With approach of the observation point to the nonuniformity the relations
must be maintained qualitatively. The solid lines join the points calculated by

”’/s’o[
9
.
5—
3.
P
_ - 2
N S
o i 2z T4 & 8§ 10 62/5;

(8, 9) with limitation to the first term in the series considering smallness of
QgpY¥s CgqYs the dotted curves were obtained from the asymptotes of the formulas (8,

9) for g, = a,. Curve 1 is constructed for measurements by the Tikhonov-Kan'yar
method. “Curvé 2 is constructed for the method of magnetic gradient sounding.
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A comparison of the two devices permits the conclusion to be drawn that the Tikhonov-
Kan'yar bottom device is significantly more strongly subjected to the infiuence of
the nonuniformity, This indicates that the distortions in the electric field are
greater than in the magnetic field.
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MEASURING THE SEA WAVE-INDUCED ELECTRIC FIELD
[G. A. Fonarev, V. Yu. Semenov, pp 46-51]

It is known that during propagation of sea waves in the earth's magnetic field not
only magnetic, but also electric fields are induced. The calculation of the magni-
tude of the induced electric field based on the potential hydrodynamic theory of
motion of a fluid in a two-dimensional progressive wave, was performed by the authors
of [1, 5]. Analogous calculations for waves characterized by the eddy nature of
motion of the fluid in them were performed by the authors of reference [2]. Inas-
much as the process of induction of the electric field by sea waves is described

most simply by a mathematical model presented in the first papers, the analysis of
the measurement procedure and interpretation of the electric field of the waves is
performed on the basis of this model.

The electric field induced by sea waves is measured usually by the method of measur-
ing the potential difference between two different points in space inside the fluid.
The magnitude of the electric field potential ¢ at any point of a two~dimensional
wave is described in the form [1]:

ty(X} : Zo)=a(zo)cosv('kxo-wf),

Here a is the amplitude of the induced potential which depends on the speed of the

fluid particles in the wave and on the intensity of the constant magnetic field of

the earth; k = 2w/A, w = 27/T, where A is the wavelength, and T is its period. The
waves are considered to be steady, propagated in the direction of the X-axis.

Let us consider the case of measuring the horizontal field induced by the wave. Let
us propose that the potential difference is measured between two points in the sea
lagging behind each other a distance L in the direction of propagation of the wave.
The magnitude of the recorded potential difference is then written in the form:

ty(-L/z; z,)-9(L/2; z,,)=—2a(z;)51n(%,'?)_srnwf .>

The expression for the potential difference, if it is measured in the vertical direc-
tion can be written in the form:

‘P(Xo; Zy )‘ y (Xo; zo ‘L)=[ﬂ (Zo)"a (Zg ‘L)JCOSU( X;, —wf)
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Thus, from the expressions obtained ft is obviocus that the measurements of the
horizontal and vertical electric field of the waves differ noticeably: the poten-
tial difference in the vertical direction does not depend on the relation between
the wavelength and the distance between the electrodes at the same time as the
horizontal field is essentially determined by this ratio.

The measured potential difference of the horizontal electric field as a function of
the sea wave length expressed in magnitudes of the length of the measuring base is
presented in Figure 1. As the unit in the figure, the maximum possible signal
picked up from the electrodes equal to 2a is used. Thus, the measured potential
difference can be highly insignificant, or absent in general in the case where the
distance between the electrodes is a multiple of an integral number of sea wave
lengths.

It is necessary to note that the indicated procedural characteristic of measuring
the potential difference can in individual cases lead to the appearance of a hori-
zontal electric field of groups of waves on the recordings. This situation can be
realized when the spacing between the electrodes is equal to or a multiple of the
basic wavelength in the sea wave spectrum. For example, when measuring a horizontal
- electric field in the sea with a depth of three meters waves with periods of 3.8 and
4.8 seconds will be recorded with maximum possible amplitudes if the spacing between
the electrodes is 60 meters inasmuch as the lengths of these waves are equal to 17
and 24 meters respectively [3]. The periods of these waves are close and, conse-
quently, the formation of beats on the electric field recording is possible. Thus,
the groups of waves isolated by the recording of the horizontal electric field can
be unrelated to the group structure of the wind-driven wave field in the sea [4].
It is possible to identify the groups of oscillations in the recording of the elec-
tric field with the groups of the wind-driven sea waves directly only when observ-—
ing the vertical component of this field.

Let us now consider the procedure for interpreting the data carried out most fre-
quently with the application of spectral analysis. From the above-investigated
proecedure for measuring the electric field induced by sea waves it follows that in
the spectrum of the potential difference in the horizontal direction sharp decreases
in magnitude of the spectral density are observed on frequencies which correspond to
wave lengths which are multiples of the length of the meaguring base. Therefore when
interpreting the estimates of the spectral density of the process which is a record-
ing of the potential difference of the horizontal electric field of the sea, it is
necessary to consider that the usually applied smoothing of the spectral density

can lead to significant reduction of the signal in the frequency range, the wave
lengths of which are less than the length of the measuring base.

Now let us consider the experimental data. In Figure 2 spectra are presented for
the synchronously recorded amplitudes of the sea wave and variations of the hori-
zontal electric field. As is obvious from the figure, the spectra of the investi-
gated processes differ noticeably: on the spectrum of the electric field recorded
in the direction perpendicular to the direction of wave propagation with a distance
between the electrodes of 300 meters, sharp, statistically significant "troughs" in
the spectral density are obvious at the same time as analogous phenomena are not
observed in the wave spectrum. Thus, it is possible to propose that waves with

periods of about 10 and 20 seconds have a crest length equal to or a multiple of
300 meters.
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Figure 1.
Thus, using the peculiarities of the procedure for observing the horizontal electric
field induced by the sea waves, it is possible to determine the relation between the
wavelength and the length of its crest and also directly to check the hydrodynamic
disperse relation using a spectral analysis of the recordings of this field.
The conclusions drawn are valid both for stationary measuring bases and in the case

of moving electrodes. However, in the last case it is necessary to consider that

the recorded period of the electric field oscillations can fail to compare with the
sea wave period.
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ESTIMATING ELECTRIC FIELDS CREATED BY A TWO-DIMENSIONAL WAVE SPECTRUM
- [M. M. Bogorodskiy, pp 52-61]

Hydrophysical electrical electrode studies are performed for the solution of a

number of scientific and practical problems, In this paper a study is made of the
possibilities of interpreting the data from the point of view of the theory of small-
amplitude potential waves, beginning with the concepts of sea waves as the probable
process having the property of ergodicity. In the linear approximation the surface
can be represented in the form of the sum of a large number of simple waves having
different amplitudes, lengths, propagation directions and random phases [1, 3, 4].
The results are found in the form of integral spectra.

- Let us introduce the cartesian coordinate system xoy, placing the origin of the co-

ordinates on the level of the undisturbed sea surface. The elementary wave, the
beam of which makes an angle 6 with the x-axis can be written in the form

K § (ryzt)-a %{%ﬁ)— w.s‘[wl‘ € -k(x cosf oysc'/oé’)]) 1

- where {(x, y, 2z, t) is the vertical deviation,

k = 2n/)A is the wave number (A is the wave lehgth),

w = 21/T 1is the angular frequency (T is the wave period),
= h is the depth of the sea,

€ 1s an arbitrary phase shift.

Let us first define the electric potential caused in the water by the effect of the
earth's magnetic field Hx’ Hy, H with monochrome (1). The results of studying the

electric field of a monochromatic wave [6] permits recording the electric potential
for such a wave in the form:

(,0(1,‘:/11,[)=C'ﬁfyw50-Hxsm0]-g(._z,y,z,i-), (
- 2)

where H and HY are the components of the earth's magretic field,

C - %‘__: 'f‘ﬁkﬁ : is the phase velocity.
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The wave elevations will be represented in the form of the sum of the large number
of monochromes of the type of (1), describing each of them in the form:

&J(x,y,z,i):a( @)/ 6;?(3‘11)
B cos[w.i +g.. —k-(waB- ’ySin Qjﬂ.,., (3)

In this case the total wave elevation can be represent:ed in the form:

X(z.y2t)- ZZa(w@)/ ﬂz%:&é).

L'mJ

(4)
i xcosfu t & -k (x coSHJ- +y sin (94)]

Here, in accordance with the papers by Yu. M, Krylov {1] and V, Pierson [4] we shall
consider that the phase eij of each term of (3) is a random variable uniformly dis-

cributed in the interval from O to 27, on the basis of which the value of X (x, vy,
z, t) is also random. We shall also consider that the phase €,, 1s an aligned

1]

ergodic function of the horizontal coordinatesand time so that for the point A (xl,
Yy 2

ELJ-:EL.J.(xlg‘i), (5)
and al

so 2 .
9z %y T
(6)

The total electric potential of the point A with respect to the bottom where it is
found to be equal to zero will be found by summing the elementary terms of (2):

(f)(xyzl) Z ZHVLJ(&)@Z) gt/(xyaf) %)

L—-ml-n

where for multiplicity of the recording the following function is introduced:

1) (0.0.2)=C,[Hy 6y Hysinf ]_#__ﬁk (2 1) ®

or, what amounts to the same thing:

V1 0.0, kbl oty By s il ©

The electric potential dispersion of the point (x, y, z, t) can now be written as
= the sum of the individual contributions of the type:

A(J¢2=:3/—0,2(GLBJ)AGJAB'%;_ 10)
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On transition to continuity, the integral spectrum of the electric potz=ntial of the
point acquires the form:

&e)-£ J[¥i09a w0 dodr b

- The intensity of the electric field E(x, ¥, 2z, t) can also be considered as the
sum of the intensities created by the individual monochromes. From (7) we have:

E,(zy2t)- Lci(iwz

- i ikiaz (z+4) “ffj(z‘?)a(wé 8)sira8 « (12)

{=-m J:-n
Y

x wg%t & -k; (z 036, +ysm94')}
DD (xy2t)
[ fayet)- 5550

=Z ZkLHULJ(z)a'(% Q/')VACJAH COS%';

l=-m J’:—n.{

| xsin[wa ‘gij -k, (= 60591. +ysin.9J)J

13)

- . PP(xyzd) _
Ey(x'y'z't)._“b;r;&i—_

=0 ) kYyBai6)(ia6 st s 1)

f=-m j=-n

xsm[a{heg -k (x w58, +y suz@)]

When making the transition to the continuity the integral spectrum of the components
of the electric field intensity at the point acquires the form:

—_— oo I 2 ' ’ .
: [5 (2)= 3/ //k *(w) cth (2 +h) V@b 2)atu)dd du (15)

o -7 .

— - o ¥ '

[6)-F ] a0 10,6200 s do; (16)
o -7 '

—m— o 9/— :

f;(z) go / T/k Ta)sin®0 V4(w,6,2)02(10)d8 o - )

2
where Y "(w, 8, z) can be represented by expression (9) considering that k(w) is the
solution of the equation:
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";—,—=/<l%kﬁ | (18)

It is essential to note that for z > ~h even a narrow region of angles 6 for which
a2(w, 6) # O makes a defined contribution to the spectra of all three components of
the electric field vector. From formulas (12), (14) and (15) it is obvious that
Ez does not have correlation with Ex or Ey‘ Simultaneously it is obvious that the
the two-dimensional terms Eijx and Eijy are distinguished only by the proportion-
ality factor which permits confirmation of the presence of the correlation between
any mutually perpendicular components of the horizontal intensity of the electric
field at the point with the exception of the isolated directions in which the cor-
relation changes sign.

In the following calculations we shall consider that the two-dimensional energy
spectrum of the electric potential b“(u, v, z) is given as a function cf the wave
numbers u and v directed along the x and y axes, respectively. The variables u and
v will be introduced in terms of the variables w and 6 as follows:

u=k(w)cosb
v=k(w) sinb (19)
where k(w) is the solution of equation (18).

In the new vari:bles the expression for the integral spectrum of the electric poten-—
tial will be written in the form:

o0 oo

Z(Z =Z/— /JZ(U,ZAZ) a’a-a/#_ (20)

In particular, the spectrum b (u, v, z) can be given in the form:

‘ ) ¥4(w.6,
15£<U,V,z)" az“() ) _a‘;oé,_)-{l ’ (21)

where the inverse transition from the wave numbers (u, v) to the variables (w, 0) is
easily realizable considering (18):

a¥w,6) V*(w,6,2)= 6%u(w.8): v(w,6),2]x
vhw).- 22E) 22

however, further conclusions do not explicitly depend on the form of expression (20).

Let us consider the potential difference U between the points A(x, y, z) and B(xz,

Yys z). Let us mentally connect the points A and B by a straight line making the

angle U with the X-axis and let us consider, according to the monograph by Yu. M.

Krylov [1], the course of the potential along this line at some fixed point in time.

The potential spectrum along the line AB éJQLZ’Z ), expressed in terms of the wave
(%

number u' taken along the ray:
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Gronly Zm (23)

emerging from the origin of the coordinates of the initial spectrum b2(u, v, 2z)
has the form:

< J (24)
where
weuewsbysind
v =-usinb v eosd } (25)

Inasmuch as the spectrum (24) and the autocorrelation function for the potential

'_ X 5t R,z) with respect to the same direction are uniquely related [5], we have:
Y __ﬁ {r2 ’ ’ /
. Ky (R 2)=g [ L5 (w'2)cosRu du' (26)
0

Now we can write the dispersion of the potential difference at the points A and B
in terms of the known values of

U*(R.6,2)-(,6 )% o[ 5% A, (R2] an
where ~
. R=l(z,-z)? (4, ) "

Qz(z) is the dispersion of the aligned function ¢(z), for example, (11), (20).
The magnitude of the autocorrelation function of the electric potential with respect

to direction entering into expression (27) can be represented in the form of the
integral frequency spectrum if we consider that from (26), (25), (24), (20) and (19)

it follows that: %( ) a
2A4(Rz -// bk co58. ksin 6.2/ e 16-0
el g 2| cos|Rk cos(6-6)|d 6
° -F . [ _ ] [ ( Z} ! (29)

from which considering (18) we have:

j{é (R,g)=jaeé[R,z,k(wﬂ otw,' . | (30)

where ' *_“‘_'"'
e [Ro k)2 Lk thbh
9[ w] J;:(MHZ* A )
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x Zfﬁz[kwsﬁ;ksv 9,2]@?[Rkws’(9'9¥d g;
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: 3
I (Bkh- )

Al S Ty ¥ -

In the case where the spacing between the electrodes is large, that is, for

R>r, L Ky(ke)=0, . (31)

where L is the average crest length expression (27) degenerates, acquiring the form:

B2 ()= 4 U, . (32)

In the special case where the wave spectrum is limited to a comparatively narrow
frequency band Aw and the directions A6 (swell), applying the theorem of the mean
to the expressions (11), (16) and (17) and assuming, without limiting the generality
6 = 0, considering (32) we have:

k@0 i@ T, @
_ |
] Ey=0. : | (34)

\

The course of the horizontal electric field intensity E_ in the vicinity of the
point (x, y, z, t) can now be approximated in the form:

[x (1,9,'z,i)= ék(&)% sin[;_rt —k(é)@], (13)

Sometimes instead of the mean square values for the speed of the estimates it is
convenient to use the mean modulus values. As a result of the proposition of
narrowness of the frequency band we have:

[T%6) =2 U]

and it 1is possible to rewrite (13) in the form:

Ex(x, 5/,‘1,1.): }k(&)/[[(z}/sm[‘gt-k(éiz *5]

Expressing k(w) in terms of the average wavelength X, we have the working formula
for estimating the mean amplitude of the horizontal component of the electric field
am(E_) at a depth z for the swell propagated from the direction coinciding with the
X-axis:

(13)
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_—

e ] S~ 402 ]

(35)

Congidering (13), (13) and (31), we have:

s{fo]-£l0e] - 4 7%

where the sign am denotes the average amplitude. Let us note that the expressions
(35) and (36) do not depend on the form (10) of the function wz(w, ¥, z) or on the
proposition (6) which require [2] confirmation. Significant generality of the
expressions (35) and (36) makes it possible to use them for experimental checking of
the relations (6) and (10).

(36)

Conclusions:

1. Within the framework of the linear theory of small-amplitude waves propagated

= in a sea of arbitrary fixed depth and interacting with the earth's magnetic field,

. two-dimensional integral spectra are obtained for the electric potential and three
components of the electric field at the point where the two-dimensional spectrum of
the wave elevations on the sea surface is given. It is demonstrated that for all
horizons above the bottom, even the narrow nonzero region of the two-dimensional
wave spectrum creates nonzero spectra of all three components of the electric in~
tensity field; here the correlation between the vertical and horizontal components
of the electric intensity within the framework of the linear model is absent, and
the horizontal components of the electric intensity, in general, are correlated.

2., In the general case of a two-dimensional spectrum of the electric potential
connected with the two-dimensional wave spectrum, the expression is found for the
integral spectrum of the electric potential difference arising at the ends of an
arbitrarily oriented horizontal base as a function of its length and orientation.

It is demonstrated that if the length of the base is much greater than the mean

wave length (or the mean crest length), and the spectrum of the electric potential
difference at its ends will be equal to twice the spectrum of the electric potential
of the point located at the same depth, and it does not depend on the length and
direction of the base. The relation found from its experimental study of the
variation with depth of the electric potential spectrum, independently of the
propositions regarding the distribution of the phase shifts and the damping with
depth and also independently of the presence of a "zero" point for electric measure—
ments.

3. In the special case of limiting the two-dimensional wave spectrum by the narrow
frequency band and propagation angles (swell), operating relations have been ob-
tained for finding the mean amplitude values of the electric potential and hori-
zontal component of the electric intensity at the point where, for example, by the
measurement results the magnitude of the mean square (or the mean modulus) value

of the aligned potential difference on a "long'" base and the mean wave length are
known. These relations also do not depend on the propositions of the course of the
electric potential field with depth.

The author expresses his sincere appreciation to G, A. Fonarev and V. Yu. Semenov
who looked at the paper and made a number of valuable comments,
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GENERAL PROPERTIES OF THE ANOMALOUS MAGNETIC FIELD IN THE WORLD OCEAN
[V. G. Larkin, V. N. Lugovenko, A. G. Popov, pp 62-79]

In accordance with the work program of the Soviet Antarctic Expeditions from 1970 to

- 1974 on the expeditionary vessels, diesel electric “0b'," diesel electric "Navarin"
and scientific research vessel "Professor Vize," measurements were made along the
way of the modulus of the total intensity of the earth's magnetic field.

The surveys were made along the longest routes,which were in the Atlantic and
Anarctic Oceans (Figure 1). The total length of the processed marine magnetic pro-

files is about 100,000 km.

Magnetic observations were performed by the co-workers of the IZMIRAN Institute us—
ing the towed marine quantum T-magnetometer providing for obtaining field values
with accuracy to +2 gamma. The mean square error of the surveys, including the
errors for field variation, inaccuracy in gridding the vessel, and deviation
amounted to about +35 gammas.

All the data obtained on the sparse profile grid permit the solution of the most
general problems with respect to interpretation of the anomalous magnetic field
and its relations to the geological structure of the ocean floor.

At the present time throughout the entire world interest is increasing in the
exploitation of the mineral resources of the world ocean at greater and greater
depths and at greater and greater distance from the shore.

The revelation of the history of the world ocean, its tectonic regionalization are
important theoretical problems, the solution of which is necessary, in particular,
also to discovery of the laws of the location of mineral deposits [1].

Magnetometry is perhaps the only geophysical method which can provide information
not only about the structure of our planet, but also about the evolution of its
development. The geophysical analysis of the anomalous magnetic field in the oceans
is an effective means of determining the chronological, kinematic and geometric
characteristics of movement of the lithospheric plates.

Since the results of the hydromagnetic survey are a continuous recording of the geo-
magnetic field along individual profiles of great extent, it is expedient to sub-
Ject the anomalous magnetic field along these profiles to a statistical analysis.
The expediency of a statistical analysis is comnected with the fact that it permits
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Figure 1.

Key: a. chart of the magnetic measurement routes
b. Canary Islands
c. Bellingshausen Iles
d. Orkney Islands
e. Sandwich Islands
f. Novolazarevskaya station
g. Molodezhnaya
h. Amery
i. Mirnyy
j. Vostok
k. Leningradskaya
- 1. Kerguelen

discovery of the principal defining properties of the field which can be related to
the basic peculiarities of the structure of the ocean floor. 1In contrast to the
usually accepted procedure when individual anomalies are interpreted, in a statis-
tical analysis preliminary separation of the field as a united process into its
individual elements takes place, each of which reflects some property of the

anomalous magnetic field which, in turn, is related to some peculiarity of the
structure of the ocean crust.
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Let us present a brief description of the investigated statistical parameters and
their physical meaning.

The dispersion of the anomalous magnetic field R_ basically represents the charac-
teristic of magnetization of the magnetic sources = (as a rule, basalts making up
the sea bed).

The correlation radius of the anomalous magnetic field r 3 reflects the horizontal
dimensions of the anomalies, which is basically connecteg'with the depth of the
sources and their horizontal dimensions.

The mathematical expectation of the anomalous magnetic field (M) represents the total
effect: 1inaccuracy of approximation of the normal field, average depth of sources,
measure of magnetization, and so on.

For estimation of the general properties of the field and its relation to the geo-
logical structure of the earth's crust, a statistical analysis has been used more
than once. Thus, in reference [2] a correlation analysis of the anomalous magnetic
field of the Pacific Ocean was performed, and the difference in values of r 3 and
R was noted for the mid-ocean rise and slopes. Tectonic mapping was carrieg'out
basically with respect to the general pattern of distribution of the anomalous
magnetic field (the amplitude of the anomalies, their horizontal dimensions) using
data on the statistical characteristics of the anomalous magnetic field (the dis-
persion and correlation radius). In reference [3] a statistical analysis is pre-
sented of the circular latitudinal profile of the vertical component of the mag-
netic field passing near 40° south latitude, and the possibility of applying the
autocorrelation analysis for regionalization of the anomalous fields is demonstra-
ted. The statistical characteristics of the anomalous magnetic field in the cen-
tral part of the Atlantic Ocean were investigated in reference [4] in which the
results of the autocorrelation analysis are also presented. In this paper regiona-
lization of the sea bed is carried out with respect to the morphological attri-
butes, and a study is made of the behavior of the statistical parameters within the
limits of the isolated zones. In reference [5] a study is made of the properties of
the anomalous magnetic field in the vicinity of the Indian Ocean using the sliding
energy spectrum procedure. A statistical analysis of the anomalous magnetic field
of the Irdian Ocean was also carried out in reference [6] in which a method was
developed for quantitative discription of the variations of the anomalous magnetic
field on long individual profiles.

However, up to now the problem of the difference or similarity in the statistical
properties of the anomalous magnetic field of the continental and ocean crust has
not been finally solved. Thus, in reference [7] the conclusion is drawn that the
structure of the continental crust differs theoretically from the structure of the
ocean crust, which finds it reflection in the difference of the statistical proper-
ties of the anomalous magnetic field. On the contrary, in reference [8] the
authors arrive at the conclusion of similarity of the average characteristics of
the magnetic field of the continents and oceans. This difference in points of
view obviously is related first with the fact that when analyzing the anomalous
magnetic fie'd various procedures were used, and secondly, the fact that in these
papers the regionalization of the territory of the dry land and the oceans as uni-
form regions was not clearly carried out in the sense of the geological structure
of the region.
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In references [2, 9] an estimate is made of the statistical properties of the
anomalous magnetic field separately for different tectonic provinces and it was
demonstrated that the tectonic provinces uniform in the genesis sense have station-
ary anomalous magnetic fields. For this purpose in order more precisely to define
the concept of the nature of the anomalous magnetic field of the ocean crust and
its relation to the structure of the sea bed, we made estimates of the statistical
properties of the field along a number of profiles of the marine magnetic survey.
The statistical analysis procedure was identical to the one used in reference [9]
in which basically an analysis of the anomalous magnetic fields of the continents
was performed.

The ocean floor can be divided into four large provinces differing with respect to
origin and development [4]: the midocean ridges, the slopes of the ridges, the
deep sea trenches and coastal regions. Therefore when generalizing the statistical
analysis of the anomalous magnetic field, average field characteristics were deter—
mined separately for each province.

The procedure for estimating the statistical properties of the field was reduced to
the following. The normal field T, was isolated for all profiles of the surveys by
representation of it by a spherical Hharmonic series with n = 9 harmonics. Then the

obtained difference ATa =T - TH was centered, and the statistical parameters of

the anomalous magnetic field were calculated for the aligned values of the anomalous
field.

In order to obtain information on the statistical properties of the anomalous mag-
netic field along the profiles, a special program was used to perform the calcula-
tions on a digital computer. The essence of the program consists in the following:

1) Information is input to the digital computer on the profile of the field T (the
coordinates of the points of rotation of the profile, observed values of T every 5
km, the magnitude of the secular variation).

2) For each value of the field T the normal field TH and the field ATa are calcula-
ted.

3) The file of values of ATa formed is aligned for the segment of the profile L
which must "slide" along the initial profile., For the aligned values of the anoma-
lous magnetic field, the autocorrelation function and other statistical character-
istics are calculated.

4) Then the sliding segment L is shifted along the file of values ATa by some amount
AL, the calculation is repeated, then a new shift by AL takes place, and so on to
the end of the profile.

For all routes L was selected equal to 1020 km, and AL = 125 km.

The selected model of the normal field is not always sufficiently high quality. As
a result of analysis of the mathematical expectation of several sections in the
Antarctic Ocean it was discovered that inexact alignment of the anomalous magnetic
fields along the profiles is connected with the fact that:

1) the variable part of the field is not considered in the analysis;
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2) the model of the spherical harmonic series approximates the main geomagnetic
field in southern latitudes with some error (the mathematical expectation reaches
150 gammas).

By the results of statistical processing of the analyzed profiles of the anomalous
magnetic field we constructed maps of the graphs of some of the statistical parame-
ters. In Figures 2 and 3 the maps of the graphs are presented for the parameter O,
(o = /ﬁa ) and the correlation radius L of the anomalous field.

The maps were constructed as follows. All of the analyzed sections were applied to
the base with a scale of 1:15,000,000, and the profiles of the sliding segments were
numbered along the profiles.

The lines for the arrangement of the profiles corresponded to the median value of
each of the investigated statistical parameters when constructing the graphs of
these parameters along the profiles. The values of the parameters exceeding the
median were plotted to the north (for sublatitudinal profiles) or to the east (for
submeridianal profiles) of the profile line and they were plotted on the maps by
solid lines on the corresponding vertical scale for each of the statistical parame-
ters. The dotted lines designate the values of the parameters which are less than
the median value.

When analyzing the maps of the graphs of the statistical parameters it is necessary
to consider first of all the requirement of co-dimensionality in which the relation
is laid out between the choice of the length of the analyzed section and the size
of the tectonic structures. The selected length of the profile 1020 km, which is
optimal for statistical representativeness of the analysis can be recognized as
commensurate with the large tectonic structures such as the ocean trenches, the
slopes of the midocean rises and the seamounts themselves. Secondly, it is neces-—
sary to consider the requirement of sameness of the method of obtaining the
statistical characteristics of the anomalous magnetic field over all the ocean:
profiles and for the aeromagnetic profiles on the continent [9], to solve the prob-
lem of similarity and difference of the statistical characteristics of the anomalous
magnetic field for sections of the continent and ocean.

The parameter ¢ (Figure 2) is distributed most regularly. On the map it is quite
clear that the increased values of this parameter are associated with the regions
of the midocean rises. Thus, for example, the southern part of the Midatlantic
Ridge, the western and eastern branches of the Indian seamounts have values of

¢ = 170-180 gammas. The deep sea trenches are characterized by reduced values of
the parameter g reaching about 100 gammas here. As for the very large values of
o = 220~250 gammas in the vicinity of the African-Antarctic Ridge on the Pacific
Ocean seamount and also in the African-Antarctic and New Zealand trenches, this is
obviously connected with the fact that the profiles of the hydromagnetic survey
in these regions run along the linear anomalous zones.

From the graphs of ry.3 (Figure 3) it is obvious that the minimum values of this

parameter (5-6 km) are characteristic for the majority of midocean ridges if the
survey profiles are run across the strike of the ridges. The deep water trenches
located at significant distances from the axis of the gidges have values of ry.3
for the same arrangement of the profiles with respect to the strike of the '
structures, three or four times greater than over the ridges themselves, and they
are equal to 16-25 km.
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The slopes of the midocean ridges of seamounts  occupy an intermediate position
with respect to the values of ¢ and ry.3°

Since the magnitude of the parameter Ty.3 is influenced by the direction of the pro-

file with respect to the strike of the anomalies, when generalizing the results, the
values of the correlation radius of the anomalous magnetic field were used which
characterized the anomalous field along the profiles cutting defined structures
across their strike.

In connection with the fact that the magnitude of some of the statistical parameters
(especially the dispersion and correlation radius) 1s essentially influenced by the
height of the magnetic survey with respect to the magnetic sources, it is necessary
to reduce the obtained values to the identical relative level of the survey.

For this purpose the calculated mean gtatistical parameters of the anomalous mag-—
netic field for profiles cutting the middle ridges across their strike were recalcu-
lated upward so that the recalculated values of the parameters gave a representation
of the properties of the anomalous field on the same altitude with respect to the
magnetic sources. The parameterso and Ty.3 for the midocean ridges were recalcula-

ted to a height of h = 2 km, for the difference Ah between the average depth of the
ocean over the ridge (~2 km) and the average depth above the trenches (~4 km) is
about 2 km. The parameters of the anomalous magnetic field for the slopes were
recalculated for Ah = 1.5 km, and Ah of the trenches was taken equal to zero. The
parameters of the anomalous magnetic field for the coastal regions were not recalcu-
lated, for it is difficult to estimate the effect of the magnetically active sources
of the ocean crust in this zone as a result of the presence of magnetic sources of
the continental shelf.

If we approximate the correlation function of the anomalous magnetic field by an
exponential-cosine function: R =R e~%[Tl cos BT, in which the parameter o de-
fines the rate of decrease of the function R, and the parameter B reflects the basic
periodicity of the function, we obtain the following mean values of the parameters
of the anomalous magnetic field for different provinces:

Before re- After re—

Ocean provinces Statistical parameters calculation |calculation
Midocean ridges R, 32400 2 18225 2

a 0.1 kmt 0.08 km™t

8 0.14 rad-km~1]0.12 rad-kn~!

r0.3 6 km 8 km
Slopes of the ridges RO 22500 2 1690 2__1

a 0.7 knul_ | 0.7 kn N

B 0.09 rad-km ~[0.039 rad-km

5.3 9 km 13.8 km

In Figure 4 the relation is presented for the mean value of the parameter ¢ as a
function of the distance to the center to the middle ridge with respect toisolated
zones -— the solid line corresponds to the initial values of the parameter, and
the dotted line, to the recalculated ones.
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In Figure 5 an analogous relation is presented for the parameter,

The upper solid line corresponds to the average values of the parameter r with
respect to all profiles, the lower solid line, with respect to the profiles cutting
= across the midocean ridges and the dotted line is the analog of the last curve
- recalculated upward.
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Figure 4. Graph of the statistical parameter Q.

Key: a. midocean rises c. deep sea trenches
b. slopes of the rises d. coastal regions

Since the parameter ¢ is a function of the degree of magnetization of the sources,
it is possible to arrive at the conclusion that in the last ten million years the
magnetization of the rock has decreased somewhat, and at a significant distance
from the rise the rock formed several tens of millions of years ago has still less
magnetization.

This conclusion finds its confirmation in reference [4], the authors of which,
estimating the distribution of the natural residual magnetization of the ocean re-
sults and the dependence of the amplitudes of the ocean anomalies on the depth of
the floor and on the distance to the axis of the midatlantic ridge arrive at an

- analogous conclusion: the decrease in the intensity of the magnetic anomalies on
going away from the axis of the ridge is conmnected not only with an increase in
depth of the floor, but, primarily, with variation of the nature of the sources of
the anomalies.

The average values of r of the anomalous magnetic field turned out to be equal

0.3
- to 6 km, 9 km and 20 km, respectively, for the middle ridges, slopes and trenches.
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After recalculation of the survey for one altitude, new values turned out to be 8
- Im and 13.8 km, respectively, for the middle ridges and their slopes. This fact

obviously indicates an increase in the horizontal dimensions of the blocks into

which the ocean crust is broken on going away from the axis of the middle rise.

The unrecalculated values obtained for the parameters ¢ and 0.3 coincide well with

the analogous parameters of the anomalous magnetic field calculated in reference [4],
in spite of the fact that the authors of this paper applied another procedure for
estimating the statistical properties of the anomalous magnetic field: another

- model of the normal field, another (and inconstant) length of the investigated
profile and an entirely different stepsize of the sampling of the field values
Ax = 0.5 km. This indicates reliability of the results that we obtained and also
that the sample of initial values of the field used by us (Ax = 5 km) was sufficient
in the first approximation to discover the frequency properties of the field even in
the vicinity of the midocean rises, for the difference in values of the parameter
5.3 which we obtained in reference [4] does not exceed 1 to 1.5 km.

From what has been discussed above it follows that the statistical properties of the
ocean are different for its different geomorphological provinces. Therefore it is
expedient to compare individual uniform provinces of the oceans among each other,
and these provinces with the uniform regions on the continents.

For example, if we compare the anomalous magnetic fields of the most ancient plat-

forms (of the Siberian type) with the anomalous magnetic fields of the youngest
midocean ridges, the difference in horizontal dimensions of the magnetic anomalies
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is isolated clearly (the median of the distribution of the parameter N of the
anomalous magnetic field of the Siberian platform is 22.5 km). This prégably is
connected with different horizontal dimensions of the blocks of the continental

and ocean crust and, possibly, is defined by different thickness of the entire litho-
sphere within the limits of the compared regions. A comparison of analogous parame-
ters for the same platform and deep water ocean trenches does not give a noticeable
difference which obviously is caused by approximately identical thickness of the

lithosphere of the compared regions.

In connection with the fact that the analysis of the anomalous magnetic field has
great significance for the creation of new global tectonics (plate tectonics), we
studied the anomalous magnetic field in the southern part of the Atlantic Ocean
also from the point of view of the hypothesis of expansion of the ocean floor.

Two sublatitudinal profiles of the marine magnetic survey were subjected to analysis,
the location of which is presented in Figure 6. From a comparison of the observed
value of the field with the curves for the time variations of the field on the same
days when the observations of the magnetic field were made along the profiles in
Figure 7 it is obvious that the measurements were taken on days with undisturbed
magnetic field.

Profile I (Figure 7) has the picture of the anomalous magnetic field which is typi-
cal of the midocean rises. As for profile II, although it is appreciably south of
the South Atlantic ridge and in the bottom relief of the ocean in this part there is
no significant rise as occurs in the vicinity of profile I, the picture of the
anomalous magnetic field along profile II is astonishingly similar to that which is
observed in profile 1I.

50 30 40 30 20 10 0 10

10 T T T T T T Y T / 10
40 . 40
50 450
-
020

_ Figure 6. Location of profiles I and II.
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Key: a. profile I
b. profile II

Considering this fact and also based on the data on the seismic activity in the
vicinity of profile II [10] and the presence in this region of a slight rise of the
ocean floor, we have drawn the conclusion of a continuation of the South Atlantic
Rise from Bouvet Island southwest in the direction of the Antarctic continent.

Thus, it is possible to consider that the rift system of the South Atlantic Ridge

has its continuation to the southwest, and in the vicinity of Bouvet Island there

is a node from which three rift systems radiate analogously to one which is ob-

served in the center of the Indian Ocean. Estimates of the separation of the ocean
floor made by profiles I and II confirm identical rate of separation of the ocean .
floor in the South Atlantic and in the vicinity of the southern Sandwich archipelligo.,

Generalizing the results of the studies, it is possible to draw the following con-
clusions:

1. Regular variation of the statistical properties of the field in various parts of
the World Ocean is demonstrated.

2. It is shown that the magnetization of the ocean rock and horizontal dimensions
of the blocks of the ocean crust vary uniformly as a function of the distance to the
axis of the ridges.

3. When comparing the spectral composition of the anomalous magnetic field of con-
tinents and oceans, differences are discovered in the spectrum of the midoceanic
rises and ancient continental platforms, which indicates a difference in structure
of the ocean and continental crust of these regionms.

- 4. 1In the spectral composition of the ancient platforms and deep water trenches no

- noticeable difference is detected which indicates similarity in the structure of
these regions and also that the thickness of the lithosphere under these structures
in practice is identical.

5. The difference in frequency properties of the anomalous magnetic field does not dis-
appear after recalculating the survey level for one altitude.
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6.

FOR CFFICIAL USE ONLY

On the basis of analysis of the constructed maps of the graphs, an effort is

made at tectonic regionalization of the ocean floor.

7.

A continuation of the South Atlantic Ridge to the southwest of Bouvet Island in

the direction of the Antarctic continent was discovered, and the conclusion was
drawn of the existence of a node in the vicinity of Bouvet Island from which three
rift systems radiate.

10.
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